Cavitation commonly occurred in hydraulic components is generally regarded as harmful phenomena in the hydraulic control systems, because the collapse of the cavitation bubbles could induce the vibration , noise and some times even corrupt severely the surface of the elements. Motivated by a desire to suppress cavitation induced noise in hydraulic control valve, the objective of this work is to study the inception of the cavitation and to evaluate the effects of internal structure of the valve on cavitation intensity as well as cavitation noise . In the presented paper, the computational fluid dynamics and flow visualization approaches are used to obtain static pressure distributions and cavitation images in the channel of the main stage of the relief valve. The predicted low-pressure regions and gas volume fraction of cavitation agree well with the observed cavitation areas. The noise level from the traditional and optimized internal structures of the relief valves are tested and compared.
INTRODUCTION
In the presented paper, the computational fluid dynamics and flow visualization approaches are used to obtain static pressure distributions and cavitation images in the channel of the main stage of the relief valve . The predicted low-pressure regions and gas volume fraction agree well with the observed cavitation areas and pattern . The method of the flow field control is used to optimize the internal structure of the relief valve. The noise level from the traditional ( Fig. 1 (a) ) and optimized ( Fig . 1 (b) ) internal structures of the relief valves are tested and compared. The result shows that the main element with circumferential undercut groove can suppress the cavitation and cavitation noise. The internal structure optimization is therefore proved an available strategy for the low noise design of hydraulic relief valve.
(a) (b) In the flow field calculation, the commercial software FLUENT 5.5 was used. Adopted cavitation model in the software, some parameters are set as follow, vaporization pressure is 0.033Mpa, bubble number density 1.8x107 11m3. The calculation results are given as Fig. 4 and Fig. 4 (a) low pressure areas lies just behind chamfer of plug, from-2.1 to 0.14, because of flow detachment from wall caused by high velocity in orifice. After small distance from orifice downstream the pressure increase to 0.77. In Fig.4 (b) the pressure behind orifice enhance relatively. A large vortex is observed and the low pressure of 0.19Mpa occurs in the center of the vortex. As the intensity of the cavitation is related to the pressure, the increase of the lowest pressure in Fig.4 (b) could lead to a slighter cavitation. The resistances of the orifices are also different in the two structures at identical opening. At the same pressure drop between inlet and outlet, for instance 1.8 Mpa, in Fig.4 (b) the fl ow rate is about 52L/min and in Fig.4 (a) the flow rate is about 67L/min, which indicates that the large vortex results in high pressure loss and dissipates more flow kinetic energy. Therefore, the noise level of the structure (b) could be lower than that of structure (a). Fig.5 shows the contours of gas volume fraction in valve chamber, its patterns and locations are remarkable different. In Fig.5 (a) the gas locates mainly behind chamfer of plug, gas volume fraction decrease rapidly from 0.4 to 0.017 along flow, while in Fig.5 (b) high fraction of gas volume focus on the center of vortex. 
EXPERIMENTAL STUDY AND RESULTS
In order to validate the calculated results, the experiments are conducted by the means of cavitation visualization and noise measurement. Equipment  Fig. 6 shows the diagram of experimental system. Hydraulic power unit is insulated with valve model and noise measurement apparatus to depress its noise influence. Tube 3 and hydraulic attenuator 4 are used to insulate the mechanical vibration and absorb pressure fl uctuation in experimental system. The proportional relief valve 1 is used as a safety value in the system. Regulating the pump 2 can control the flow rate to valve model. The valve bodies are made by the transparent material acrylic as shown in Fig. 7 . The valve opening can be regulated to simulate the different operation condition. The operation pressure is under 5MP to avoid the damage of the acrylic valve body. 
Experimental

Results of Cavitation Visualization
The cavitation phenomena in two types of different internal geometries and a series of different operation conditions are observed. Fig.8 gives two of typical cavitation images under the operation condition listed in table 1. From Fig.8 it can be seen that the location and pattern of cavitation are different in the two internal structures. As shown in Fig.8 (a) , cavitation occurs in relatively low inlet pressure. It is born in the exit of the orifice and aggregates in the downstream of the orifice. The bubbles are dense and small. For the structure with groove on valve plug, however, the cavitation does not occur dramatically at the exit of the orifice, as see in Fig.8 (b) . In this case, the cavitation exists in the center of the large chamber. Its bubbles are large and thin. In experiment, a large vortex is seen in the chamber because of the bubbles motion. It seems the location of cavitation is in the center of vortex where the pressure is the lowest. Comparing the experiment result shown in Fig.8 with the simulation results shown in Fig.4 and Fig.5 , one can find that features of the cavitation relate to the form of the vortex. The cavitation always exists in the centre of the vortex. When the vortex is intense enough, the centrifugal force of the vortex will pull the small bubbles, which are far lighter than oil into the centre of the vortex forming large bubbles.
Result of Noise Measurement
The noise levels of two kinds of the geometry of valves are measured for different openings and flow rates. The background noise is about 63 dB (A weighted). The microphone for the measurements is set at a distance of 50 mm from valve body. The typical measurement results are shown in Fig.9 . In Fig.9 , curve q shows the relationship between flow rate and inlet pressure, curve Le9 shows the relationship between noise level and inlet pressure, and the valve opening h is about 0.2mm. Geometry type A is the valve model without undercut groove and geometry type B is the valve model with undercut groove. From Fig.9 , it can be seen that the noise of the geometry type B is lower in (1) The valve plug with circumferential undercut groove can change cavitation location and pattern, which reduce effectively noise level of the relief valve.
(2) The valve plug with circumferential undercut groove causes large and strong vortex in the flow channel, which can increase the flow resistance, suppress the inception of cavitation and dissipate flow kinetic energy, resulting in the reduction of the noise level.
